Purpose: The purpose of this article was to review current therapies for diabetic macular edema (DME) and to discuss current unmet needs in the treatment of DME. Methods: The peer-reviewed literature was searched for information about the results of clinical trials on the treatment of DME.
Diabetic macular edema (DME) is, unfortunately, a very common problem affecting millions of diabetes patients worldwide. The Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) estimated that the prevalence of DME in patients with at least 15 years' duration of diabetes was 20% in type 1 diabetes mellitus (DM) patients, 25% in type 2 DM patients on insulin, and 14% in type 2 DM patients not on insulin. 1 In untreated DME, eyes will usually suffer significant visual loss. 2 Fortunately, focal laser treatment for DME can prevent further visual loss in most eyes. Focal laser treatment was proven effective in the Early Treatment of Diabetic Retinopathy Study (ETDRS) and was hailed as a major breakthrough twenty years ago. 1 In the ETDRS, 33% of untreated eyes with foveal involvement suffered three or more lines of vision loss (moderate vision loss). 2 In contrast, only 12% of eyes treated with focal laser photocoagulation suffered moderate visual acuity loss. 2 However, lack of improvement in visual acuity following focal laser treatment is a major deficiency of this form of therapy. In fact,
in the ETDRS only 11% of treated eyes gained 15 or more letters of visual acuity at year one and 16% of treated eyes gained 15 or more letters at year three. 3 Recently, the Diabetic Retinopathy Clinical Research (DRCR)
Network study used a modified ETDRS laser technique. Even with this technique, visual acuity improvement was not the norm. In eyes where visual acuity was 20/40 or worse at baseline, the DRCR study found that 29% of eyes gained 15 or more letters at one year and 6% of eyes lost 15 or more letters. 4 Although a greater proportion of eyes gained visual acuity using the modified ETDRS technique at one year, three year data are not available and better treatment options that can result in overall improvement in visual acuity would be welcome in diabetes patients.
In addition to the absence of a reliable treatment that improves visual acuity in the majority of patients, there are several areas of unmet needs in the management of DME, including the need for sustained drug delivery systems, preventive therapies, and the ability to predict the development of DME. The unmet drug treatment needs include drugs that could perhaps prevent foveal lipid deposition, treat or reverse the effects of ischemia, and reverse chronic macular edema changes. Better drug delivery systems, such as intraocular implants and bioerodable implants, are required to achieve sustained drug delivery. Perhaps even more basic unmet needs are those for preventive therapies and the ability to predict which patients will develop macular edema based on genetic risk factors. Fortunately, there are several areas of active research focusing upon novel drugs (phase I and II studies), as well as improved and sustained delivery of previously studied drugs.
First, the greatest unmet need in DME is for a treatment that will improve visual acuity in the majority of patients. Recently, bevacizumab (Avastin ® , Genentech, South San Francisco, CA), as well as ranibizumab (Lucentis ® , Genentech, South San Francisco, CA) have been used in limited case series for treatment of DME. [10] [11] [12] [13] [14] [15] Ranibizumab and bevacizumab have been shown to rapidly decrease macular edema and thus normalize the ultrastructure of the macula in these diabetic eyes. In these case series, these anatomic changes seen on OCT have been associated with improved visual acuity. [10] [11] [12] [13] [14] [15] In the DRCR Network phase II study, 121 subjects were randomized to one of three groups: laser versus bevacizumab (two doses) versus bevacizumab with laser. There was evidence of reduced macular thickness in some eyes. In a study by Chun et al., 10 patients with centerinvolving macular edema underwent three intravitreal ranibizumab injections (baseline, month one, and month two). 14 At six months, both the low dose (0.3mg) and high dose (0.5mg) groups experienced significant decreases in central OCT thickness compared with baseline. respectively from baseline-an 85% reduction in excess foveal thickness. 15 Based on the positive results seen with READ-1, READ-2 was initiated. In READ-2, 126 eyes were randomized to ranibizumab versus ranibizumab with laser versus laser alone. The six-month primary outcome results from the READ-2 study have recently been evaluated. 16 At six months, about one-quarter of patients gained three or more lines in the ranibizumab group versus 12% in the ranibizumab with laser group versus no eyes in the laser alone group. Two-year data are now available. After the initial six months, all three groups of patients were eligible to receive intravitreal ranibixumab every two months. At two years, there was no significant difference in the visual acuity outcomes, which were a gain of 7.7 (ranibizumab group initially), 5.1 (laser group initially), and 6.8 (combination group initially) letters. However, there
were fewer injections required in year two for those eyes that received some laser treatment. Therefore, it appears that there is long-term benefit for the use of ranibizumab for DME. 17 More recently, a DRCR study of 854 DME eyes has shown that intravitreal injections of ranibizumab with either prompt (three to 10 days) laser or (bevasiranib, OPKO Health, Miami, FL), was used in a phase II study, the RNAi Assessment of Bevasiranib in Diabetic Macular Edema (RACE) trial. This pilot phase II study enrolled 48 patients with DME in a double-masked, randomized trial. There was a trend towards decreased macular thickness between eight and 12 weeks. Further work is needed before this drug is accepted for DME.
There is also a VEGF Trap molecule that inhibits all isoforms of VEGF-A, other VEGF subtypes, such as VEGF-B and -C, and placental growth factor. 20 Studies using these molecules are ongoing in eyes with DME.
CLEAR-DME is a phase II study investigating the safety and efficacy of VEGF Trap in DME eyes. Recently, six-month and one-year positive results have been presented at meetings.
Corticosteroids, such as triamcinolone, have been used in the treatment of DME. 21, 22 The use of corticosteroids in the treatment of
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DME is based upon their ability to reduce VEGF-induced leakage in animal models. 23 In a prospective study by Jonas et al., 25mg intravitreal triamcinolone improved treated eyes versus control eyes, but there was elevation of intraocular pressure (IOP) as a side effect. 21 In a prospective, double-masked, placebo-controlled study by Gillies et al., and IOP elevation (68% versus 10% increased by >5mmHg) compared with placebo eyes. 22 The development of a steroid without the IOPelevating side effects would be welcome.
Other steroids, such as dexamethasone and fluocinolone, have been investigated in DME eyes. These drugs are available as the anti-VEGF drugs are needed. As mentioned above, there are currently sustained-release devices that deliver steroids. Perhaps this drug platform could also be utilized to deliver other drugs.
Another major unmet area of therapy is that for eyes with subfoveal deposits. At this time, there are no effective treatments for diabetic eyes with significant subfoveal lipid deposits. Following successful resolution of macular edema, foveal lipid can develop and limit visual acuity. In patients with chronic edema, foveal lipid also limits visual outcomes.
Innovative treatments that could dissolve foveal lipid would be useful.
Some studies have shown that surgery can remove the lipid but that visual acuity is limited. 27, 28 Over a mean post-operative observation period of 43.2 months, visual acuity, which was improved in seven eyes (54%) at one year, was improved in only five eyes (38%) compared with pre-operative visual acuity. The mean final visual acuity change was not statistically significantly improved in the treatment versus the control group. Many eyes developed atrophy after removal of the submacular hard exudates and macular edema.
A treatment to also prevent lipid deposition in eyes at higher risk of foveal lipid development would be useful. Whether statins, such as atorvastatin, can lead to reduction of hard exudates in DME eyes is controversial. 29 To date, there is no drug that can increase blood flow significantly enough to relieve ischemia in the retina. Perhaps treatments to improve oxygen delivery or to cause reversal of hypoxia could be developed.
Currently, there is an on-going clinical trial using an siRNA inhibitor of hypoxia-inducible factor-1 alpha (HIF-1). 30 A pilot study has shown that HIF-1 is present in human proliferative diabetic membranes. Recently, there has been discussion of neural enhancement in the area of DME. Studies conducted with brimonidine in animals have shown increased responses from retinal ganglion cells in eyes with optic neuropathy and glaucomatous optic neuropathy. 32 Studies in humans are in their early stages. Perhaps applications to DME will follow.
Chronic macular edema unresponsive to treatment is a significant problem. Various studies already mentioned have focused on this area.
Perhaps combinations of therapy may be useful. Use of neuroprotective agents to protect the retinal photoreceptors and ganglion cell layers in eyes with long-standing edema may be helpful, while treatments to reduce the edema are given.
Lastly, effective preventive therapies for DME would be a welcome addition to our treatment armamentarium. The Age-related Eye Disease Study (AREDS) showed the efficacy of antioxidants and zinc in preventing the progression of AMD. 33 Perhaps drugs to reverse hypoxia, or to limit its effects, would be useful in patients with diabetes. The ruboxistaurin study attempted to prevent retinopathy. 34, 35 The results
were not significant for the prevention of macular edema in the vast majority of patients. However, the Protein Kinase C Diabetic Retinopathy Study 2 (PKC-DRS2) reduced the rate of sustained moderate visual from 9% to 5.5% over three years versus placebo. Patients had a 45% reduction in the risk of development of clinically significant DME and had a 26% reduction in their need for focal laser.
It is well accepted that improved systemic management delays the progression of retinopathy. The Diabetes Control and Complications
Trial (DCCT), 36 the UK Prospective Diabetes Study (UKPDS), 37 and the
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Epidemiology of Diabetes Interventions and Complications Study (EDIC) 38 showed that intensive glycemic control and blood pressure control delayed the onset of macular edema as compared with conventional treatment. Intensive glucose control had a sustained effect, with a 58% risk reduction in the development of DME in the DCCT patients.
Therefore improved systemic management of diabetes will likely also have a preventive effect on the development of DME.
The future may include research to investigate the genetics of DME. The identification of patients who are susceptible to macular edema may enable more preventive therapies to that population. Identification of genetic variants in the complement system has been possible in AMD.
Similar work in macular edema may be useful.
Thus, there are several research pathways to pursue that may yield improvements in our ability to manage DME and, perhaps more importantly, prevent its development. I am hopeful that scientists and drug companies will continue to focus upon some of these pathways and that some of these efforts will yield a fruitful harvest of new treatments for DME. n Posterior Segment Diabetic Macular Edema
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